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Combined Preoperative Irradiation and 
Local Hyperthermia Delays Early Healing 
of Experimental Colonic Anastomoses
Jan Biert, MD; Wilfried Seifert, PhD; Ben de Man; Theo Wobhes, MD, PhD; 
Jacip Hoogenhout, MD, PhD; Thijs Hendriks, PhD
Objective: To determine if a combination of preop­
erative irradiation and local hyperthermia of a colonic 
segment is detrimental to subsequent early anasto­
motic healing.
Design: A prospective randomized experimental trial.
Setting: An animal research laboratory.
Interventions: Eighty male Wistar rats werd randomly 
divided into 4 groups. In each animal, a segment of the co­
lon was treated successively by (sham) irradiation and (sham) 
hyperthermia. After 5 days, a colonic resection was performed 
and an anastomosis was constructed; the distal limb con­
sisted of (sham) irradiated, (sham) hyperthermia-treated 
bowel. The rats were killed 3 or 7 days after surgery.
M ain Outcome M easures: Body weight, serum albu­
min and protein levels, anastomotic bursting pressure, 
breaking strength, and hydroxyproline content.
Results: All animals tolerated (sham) treatment well. 
Weight was diminished, though not notably, in treated ani-
««H i
mais vs the control group. After combined preoperative ir­
radiation and hyperthermia, the frequency of local anas­
tomotic complications increased: 4 of 20 animals had a 
covered perforation when they were killed. In this group, 
the bursting pressure was lower 3 days after the operation 
(P=.008). The breaking strength was also lower but not no­
tably. The serum albumin level was significantly lower in 
this group vs the control group (P=.006); the serum pro­
tein level was not decreased. After 7 days, no differences 
existed between the groups. The hydroxyproline content 
of the anastomotic tissue was notably higher in rats treated 
with radiation plus hyperthermia vs control rats (in both 
the 3- and 7-day groups). The anastomotic hydroxypro­
line concentration did not differ between the groups.
combination
tion and hyperthermia results in increased local anasto­
motic complications. Anastomotic strength is at risk in 
the first days after the anastomotic reconstruction. Pre­
operative irradiation or hyperthermia alone does not lead 
to impaired anastomotic healing in the early phase.
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HOARDING THE surgical itself on the hypoxic tumor cells. The sec-
treatment of colorectal dis- ond is the enhancement of the radiobio-
ease, discussion continues logical effect of irradiation. Conse- 
about the role of adjuvant quently, lower radiation doses are needed 
treatment modalities. Not to obtain the same treatment result. Thus,
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all cancers can be cured by surgery alone. surrounding tissues that are located in the
Along with distant métastasés, the threat irradiated volume will receive smaller
of a microscopic disease or a periopera- doses of radiation, lessening the poten- 
tive tumor spill resulting in local recur- tial side effects. In patients with rectal can- 
rence exists. In addition, some tumors have cer, surgical treatment usually consists of
grown beyond local resectability before an abdominoperineal resection or a lower
surgery can be performed. In the latter pa­
tients, preoperative radiotherapy can
anterior resection. In .'r cases, an
anastomosis is constructed; after com-
to obtain local control and to increase re- bined prior adjuvant treatment, the fixed, 
sec lability.1 The application of hyperther- distal limb has received the full dose of ra- 
mia is a promising method for increasing dia tion plus heat treatment.
the efficacy of radiation therapy.
The biological effects of combined hy­
perthermia and radiotherapy are well es­
tablished, although the mechanisms of in­
teraction seem complex.2'5 Enhanced 
treatment effects are to be expected in 2 
ways.3'6 The first is the killing effect of heat
Little is known about early anasto-
m m i r *  w w w n
See Materials and Methods 
on next page
•MM
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MATERIALS AND METHODS proximal to the rectoperitoneal fold (Figure 1 ), was marked by a serosal stitch at its proximal border. The irradiated area 
measured 2.2X0.5 cm. The adjacent bowel and other 
ANIMALS organs were covered with a lead cone, and the rest of the
body was also shielded with lead (thickness, 2.5 mm). 
Eighty young-adult, male, outbred Wistar/Cpb:WU rats Radiation dosimetry was performed by means of thermo- 
(body weight=255 g, SD=±12.75 g) were used. They re- luminescent dosimeters and film densitometry in sepa- 
ceived water and standard laboratory chow (diet AM II, Hope rate animals. Irradiation was performed with a 250-kV 
Farms, Woerden, the Netherlands) ad libitum. The rats were x-ray unit that had a 1-mm copper filter (target colon 
randomly divided into 4 groups of 20: a control group and distance, 25 cm). The dose of radiation was 1.29 
3 experimental groups, which received irradiation (l),hy- Gy/min. All of the rats in the I and the I+H  groups 
perthermic treatment (H), or both (I+H). In rats in the I received a dose of 25 Gy. Animals in the control and the 
and the I+H groups, part of the colon was irradiated 5 days H groups were treated similarly without actually being 
prior to the operation. Animals in the control and the H irradiated.
groups received sham irradiation, and those in the control To deliver hyperthermic treatment, water washing
and the I groups received sham hyperthermic treatment. through the distal colon and rectum was used (Figure 
All of the animals underwent colonic resection and anas- 1). A small, noninjuring clamp was placed on the colon 
tomotic construction; they were killed 3 or 7 days (n=10 at the level of the marking stitch to isolate this bowel 
for both days) after surgery. segment from the proximal colon, and a 1.75-mm plastic
This study was approved by the Animal Ethics Re- tube was gently inserted into the rectum up to the 
view Committee of the Faculty of Medicine, University of clamp. This tube was used to pump clean tap water 
Nijmegen, Nijmegen, the Netherlands.
IRRADIATION, DOSIMETRY, AND HYPERTHERMIA
through a coil, which was immersed in a temperature- 
regulated water bath, into the rectal cavity (flow rate, 
132 mL/min), while a small, intrarectal temperature 
probe was used to monitor the intraluminal tempera- 
To receive irradiation or hyperthermic treatment, the ani- ture. A second 1.75-mm tube served as a drain, prevent- 
mals were anesthetized with pentobarbital sodium intra- ing increased pressure inside the rectal cavity. The infu- 
peritoneally. While receiving anesthesia, the core tempera- sion of water into the rectum was continued for 30 
ture of the animals was kept at a normal level by the use of minutes while the intrarectal temperature was kept at 
a heat lamp. 44°C (this temperature was usually reached within 3
The irradiation procedure was based on techniques de- minutes [H and I+H groups!). The intrarectal tempera- 
veloped in a prior experiment (J.B., J.H., T.W., and T.H., ture quickly returned to normal after the heating was 
unpublished data, 1996). To ascertain that the same tis- discontinued. Subsequently, the clamp was removed 
sue area was irradiated in each rat and to mark this area from the bowel, and the abdomen was closed with a run- 
for subsequent surgery, a laparotomy was performed. The ning catgut suture for the fascia and staples for the skin, 
colonic segment to be irradiated, which was 1 to 3.2 cm Therefore, the animals in the Ii and the I+H  groups
motic healing under these circumstances. Although the 
application of heat alone had no adverse effect on anas­
tomotic repair in the rat ileum,7 no data about colonic heal­
ing exist. Also, data from our laboratory (J.B., J.H., T.W., 
and T.H., unpublished data, 1996) and the laboratory of 
Weiber et al8 indicate that preoperative irradiation with­
out detrimental effects on the early healing of colonic anas­
tomoses is feasible. Still, no data are available on the ef­
fects of combined (preoperative) treatment.
This study was performed to develop an experimen­
tal model in the rat and to investigate early colonic anas­
tomotic healing after successive treatment of the anas­
tomotic site w ith preoperative radiotherapy and 
hyperthermia.
ii
GENERAL OBSERVATIONS
All the animals tolerated hyperthermic treatment, radio­
therapy, or both well. Four rats died before they were 
killed, 1 in each of the 4 groups. The time of death was 
different in all 4 animals and was thought to be anaes­
thesia related; at autopsy, no intra-abclominal causes of 
death were found.
Rats receiving either hyperthermia or a radiation dose 
had moderate adhesions at the time of resection. The 
bowel wall increased in diameter because of edema, and 
it was more vulnerable in these animals vs the sham- 
treated animals. These rats also suffered from minimal 
to moderate diarrhea.
In rats that received both treatments, some gross 
abnormalities were found. Six rats in the I+H group 
had small patches of transmural bowel-wall necrosis 
immediately distal from the marking stitch in the 
con tro l segm ent that was rem oved during s u r ­
gery. Four rats had anastomotic leakage, which was 
apparent by a covered perforation when they were 
killed.
Small abcesses around the anastomoses were occa­
sionally seen in all groups: in the control group, 2; in the 
I group, 3; in the H group, 1; and in the I+H group, 2.
Rectal stasis or functional stenosis with a proximal 
dilated colon was seen in 2 rats, 1 each in the I and the 
H groups.
BODY WEIGHT
After receiving the first dose of anesthesia, all the rats lost 
weight. Hyperthermia-treated animals (ie, the H and the
ARCI-ISURG/VOL 131, OCT 1996
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4received hyperthermic treatment from 10 minutes after 
the conclusion of the (sham) irradiation procedure
anastomotic segment was washed in a saline solution and 
connected to an infusion pump on one side while the other
onward. The animals in the control and the I groups side was clamped. A manometer was connected by a side
were treated similarly with water of a normal body tem­
perature (37°C).
OPERATIVE PROCEDURE
line. The bursting pressure was measured by raising the in­
traluminal pressure by infusing a methylene blue-saline so­
lution at a rate of 2 nlL/min. The procedure was per­
formed in water for better visualization of the bursting site. 
The bursting pressure was defined as the maximal intra- 
After 5 days, the animals were anesthetized again intra- luminal pressure the segment resisted, which was ex- 
peritoneally with pentobarbital. The median laparotomy pressed in millimeters of mercury. The bursting site was 
wound was opened and a 1,6-cm colonic segment was re- noted. The breaking strength of the segment, as a measure
sected. This segment was identified by the marking stitch 
left during the initial laparotomy and measured 0.5 cm proxi-
of the. resistance to longitudinal forces, was measured im­
mediately after determination of the bursting pressure,10
malty and 1.1 cm distally (Figure 1). Thus, the proximal The segment was placed in a tensiometer that provided a
limb to be used for the anastomosis consisted of nonirra- constantly increasing distraction. peak force (in grav-
diated, unheated tissue, while the first 1,1 cm of the distal ity) necessary to induce the total disruption of the seg-
limb had been irradiated (ie, for the 1 group), heated (ie, ment was perceived as the breaking strength, The break-
for the H group), or both (ie, for the I-l-H group). Conti- ing site was noted. Then, adhesions and fat tissue were
nuity was restored by an inverted, 1-layer end-to-end anas- removed from the. segment, and a 0.5-cm sample contain-
tomosis with 8 interrupted monofilament sutures (Ethilon ing both sides of the suture line was collected (Figure 1),
8-0, Ethicon, Norderstedt, Germany) using microsurgieal stored in liquid nitrogen, and assayed for hydroxyproline 
techniques. The fascia and the skin were closed with a cat­
gut running suture and staples, respectively.
content.
ANALYTICAL PROCEDURES
The condition of the animals was monitored, and their
Anastomotic samples were weighed, lyophilized, pul­
verized, and stored at —30°C. The hydroxyproline con­
tent, as a measure of the collagen content, was measured 
by high-performance liquid chromatography after hydro­
lysis with 6N hydrochloride and derivatization with dab-
weight was measured daily. Three or 7 days after the op- sylchloride.
eration, the rats were killed by cardiac puncture. A blood 
sample was obtained to measure albumin and protein lev­
els to monitor the general nutritional condition of the ani­
mals. The abdomen was inspected for adhesions, rectal ste-
Differences between the control group and the 3 ex­
perimental groups were tested for significance (P=.03) us­
ing a 2-tailed Mann-Whitney U test. To correct for the fact 
that multiple comparisons were made, pairwise compari-
nosis, abcesses, or other abnormalities. The anastomoses sons were perfonned using a level of significance of a}=2a/k, 
were resected en bloc. Healing was assessed by measuring where k is the total number of pairwise comparisons. Thus,
the anastom otic strength  and the hydroxyproline 
content.1’ To determine the anastomotic strength, the
differences between groups were considered significant 
(a=.05) at P < a \  where a l=.03.
m * ß
I+H  groups) seemed to lose more weight than those in 
the other groups (Figure 2). However, recovery seemed 
to be similar in all groups from postoperative clay 2 on­
ward. Colonic surgery induced a transient loss of body 
weight, but the size of this effect and the subsequent course 
of recovery were similar in all groups. No notable dif­
ferences in body weight were found between groups on 
the day that the rats were killed.
SERUM ALBUMIN AND PROTEIN
The levels of serum albumin and protein are given in 
the Table. Three clays after the operation, the serum 
albumin level was slightly but significantly (P=.006) 
lower in the I+H  group. This difference was not found 
after 7 days. The only significant (P=.01) reduction in 
serum protein levels was found in the I group after 7 
days.
ANASTOMOTIC STRENGTH
the I+H  group was significantly (P=.0Q8) reduced vs 
the control group 3 days after the operation. In addi­
tion, the bursting site was more often within the 
suture line in the treatment groups vs the control 
group, particularly in the I+H group.
Seven days after the operation, anastomoses usu­
ally ruptured outside the anastomotic area, indicating that
of normal bowel-wall resistence. The average bursting 
pressures in the experimental groups did not differ no­
tably from that in the control group.
The mean values for the. anastomotic break-
in Figure 4. The breaking
:e ,
day 3 to day 7.
T s values were
slightly lower in the I+H group vs the control group. 
The breaking site was inside the anastomosis in all 
groups except for 1 rat in the 1 group. No notable dif-
m
t io n .Individual measurements of bursting pressure and 
bursting site are depicted in Figure 3. In all groups, 
the bursting strength increased between days 3 and 7 and 3 
after the operation. The average bursting pressure in respec
experimental and control
suture
10 cases i 3 c) ,
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Figure 1. A schematic of the experimental procedure. A, Irradiation of the 
colonic segment. B, The hyperthermia procedure. A clamp is placed at the 
proximal border of the irradiated segment The inflow tube, the outflow 
tube, and the temperature probe are placed in the rectum. C, Resection of 
the colonic segment and construction of anastomosis with a distal, 
irradiated limb. D, The sample used for hydroxyproline analysis.
ANASTOMOTIC HYDROXYPROLINE CONTENT
The hydroxyproline content of the anastomotic seg­
ments increased between days 3 and 7 after operation 
(Figure 5). On day 3, the anastomotic hydroxyproline 
content was significantly higher in the H (P=.02) and the 
I+H (P=.003) groups vs the control group. On day 7, 
only the hydroxyproline content of the I+H group was 
significantly (P=.02) elevated.
The average±SD hydroxyproline concentrations in 
the anastomotic segments from the control group were 
10.1 ± 1.0 (xg/mg of dry weight on day 3 and 13.4±1.4 
|xg/mg of dry weight on day 7. The values found in the 
experimental groups were not notably different.
C O M M E N T
This study shows that high-dose preoperative irradiation 
of the colon with a dose of 25 Gy, combined with local 
hyperthermia (44°C, 30 minutes), results in increased lo­
cal anastomotic complications. The high incidence of cov­
ered perforations in the I+ H  group suggests that local re-
O
D
G, Control Group
I, Animals That Received Irradiation
H, Animals That Received Hyperthermic Treatment
I+H, Animals That Received Irradiation and Hyperthermic Treatment
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Figure 2. Weight changes in the 7-day groups. The average values of the 
control group, the H group, the I group, and the I+H group, are shown. 
The SD of the C group is shown.
Serum Albumin and Protein
Serum Albumin, g/L Serum Protein, g/L
Group
1...............
3 d
I
7 d
r .....—  ^
3d 7 d
c 22.6+0.9 22.8±1.0 55.7±0.9 57.3 ±2.0
H 22,8+1.0 22,2+0.7 56.2±2.0 57.6+2.1
1 21.9±1.2 22.0±1.0 55.3±2.7 54.0±2.8f
I+H 21.1±0.9f 23.5 ±1.4 54.2±3.2 57.8 ±3.0
*Data are given as the mean±SD (n=9 or n=10). C indicates control 
animals; H, animals that received hyperthermic treatment; I, animals that 
received irradiation; and I+H, animals that received irradiation and 
hyperthermic treatment.
IP <.03.
action is such that late anastomotic problems, like stenosis, 
can be expected as well. In addition, the data demon­
strate that in this model neither local hyperthermia nor 
irradiation alone has an adverse effect on subsequent anas­
tomotic healing. The fact that hyperthermia increases the 
biological effects of irradiation2'6 may explain the finding 
that a combination of 2 tolerated treatment modalities re­
sults in serious complications.
Hyperthermia seems to improve the tumor-killing 
effects of radiotherapy in 2 ways. First, hyperthermia di­
rectly affects the cells. Hypoxic, poorly nourished cells 
in an environment with a relatively low pH and poor per­
fusion are susceptible to hyperthermic damage. These cells 
are often found in tumors, and they are usually rela­
tively radioresistant. The killing of tumor cells by heat 
is established within 24 hours after application and is 
caused by damage to membrane lipoproteins and by de- 
naturation of thermolabile cellular enzymes.3,6 Second, 
hyperthermia has a radiosensitizing effect. This effect can 
only be expected if hyperthermia precedes irradiation,3 
and it seems to be caused by inhibition of sublethal dam­
age repair and blockage of cell proliferation.6,11 The com­
bined effect of radiation therapy and hyperthermia as an 
adjuvant treatment for surgery seems to be promising; 
although only reports of incidents or small series are avail-
ARCl l SURG/VÛL 131, OCT 1996
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Figure 3. The anastomotic bursting pressure. Each point represents a 
measurement in 1 animal. The groups are described in the key for Figure 2. 
Open circles indicate the bursting site within the suture line; closed circles, 
the bursting site outside the suture line; and bold horizontal lines, the average 
values for each group.
able, the outlook for patients with locally irresectable co­
lorectal cancer seems to be favorable.12'21 However, nu­
merous questions need to be answered if hyperthermia 
is considered for widespread clinical use.
Discussion continues about the optimal timing and 
sequence for the combination of radiotherapy and hy­
perthermia. The sequence where hyperthermia pre­
cedes irradiation has been advocated as the most effec­
tive, primarily because of a radiosensitizing effect.5 
However, radiotherapy followed by hyperthermia has also 
been proposed to be more effective; using this se­
quence, the increased effect is mainly owing to the di­
rect heat killing of radioresistant cells.3'17,19,22'25 Because 
it has also been noted that human colon cancer cells show 
evidence of radioresistance,19 the latter sequence might 
be more appropriate for patients with colorectal cancer.
Because radiotherapy in patients with colorectal can­
cer is often given preoperatively, we have chosen to in­
vestigate the potential detrimental effects of preoperative 
irradiation followed by hyperthermia on anastomotic heal­
ing in the colon. Hyperthermia was applied immediately 
after radiotherapy because this method has been re­
ported to yield a maximal effect on tumor cells and less of 
an effect on normal cells.24 A temperture of 44°C for 30 
minutes seems to yield the maximal effects, and it is still 
safe.7 A single application was chosen to prevent the in­
fluence of factors like fractionated treatment, thermotol­
erance (ie, the phenomenon that a second dose of hyper­
thermia is less effective), and step-down heating (ie, 
increased effectiveness if maximal hyperthermia is imme­
diately followed by a period of mild hyperthermia) .3,5,(5 A 
30-minute treatment is biologically possible in animal ex­
periments and is derived from other experimental work.7,26
Three days after the operation, the anastomotic burst­
ing pressure was clearly and notably reduced in the I+H 
group, while the breaking strength was only marginally af­
fected. Early anastomotic strength is mainly determined by 
the capacity of the submucosal collagen network to retain 
the sutures. A localized loosening of this structure, by the 
enhanced activity of collagenolytic enzymes, may lead to 
easier local rupture at inflation (and lowered bursting pres­
sure) while the breaking strength remains largely unaf-
Figure 4. Anastomotic breaking strength. Bars represent average values+SD 
(n=9 or n=10). The groups are described in the key for Figure 2.
Figure 5. Hydroxyproiine content of the anastomotic segments. Bars 
represent average values+SD (n=9 or n=10). The groups are described in 
the key for Figure 2. The asterisk indicates a significant (P<.03, 2-tailed 
Mann-Whitney U test) difference vs the control group.
fected. Whether local degradation of anastomotic colla­
gen occurs within the I+H group still needs to be 
established. The existence of such a process cannot be de­
rived from the current measurement of the anastomotic col­
lagen (as hydroxyproiine) content, which is too insensi­
tive to demonstrate the localized loss of collagen.
The observation that the hydroxyproiine content of 
the anastomotic segment, which contains normal bowel 
wall next to the actual wound area, is actually notably 
increased in the l+H group indicates the occurrence of 
a strong fibrotic reaction; if this reaction persists, late com­
plications may also be expected in this group.
Preoperative protein malnutrition may affect anas­
tomotic strength.27 Three days after the operation, the av­
erage serum albumin and serum protein levels were 7% 
and 3% lower, respectively, in the I+H group vs the con­
trol group. However, it seems unlikely that the colonic 
anastomotic strength is affected by this mild hypoalbu- 
minemia.
No studies about the effects of hyperthermia, alone
i'
or in combination with radiotherapy, on anastomotic heal­
ing have been conducted. The influence of hyperther­
mia on small-bowel anastomoses7 was described in 1 
study. Hyperthermia was applied intraperitoneally to study 
the prevention of serosal métastasés in patients who un-
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derwent gastric cancer surgery. Survival decreased when 
temperatures of 45°C or higher were used. Local hyper­
thermia for 30 minutes at 44°C showed no adverse ef­
fect on anastomotic healing in the ileum,7 although an 
increased adhesion formation might occur.28,29 Our data 
confirm this result for anastomoses in the colon.
Experiments about anastomotic healing after preop­
erative radiotherapy have been described in various 
articles. This adjunct treatment was long considered to be 
detrimental for anastomotic healing.30'32 However, 4 of us 
(J.B., J.H., T.W., and T.H., unpublished data, 1996) and 
Weiber et al8 have shown that preoperative irradiation 
without negative effects on anastomotic healing 
is feasible, depending on factors like total dose, irradia­
tion technique, number of fractions, and irradiated 
volume.1 We confirmed this belief; irradiated, normo- 
therm rats (ie, the I group) had anastomotic healing 
similar to the control group.
The results from our treatment protocol raise addi­
tional questions. Is the combination of radiotherapy and
hyperthermia
duration of the hyperthermic
More
experimental work is needed to answer these and other 
questions before application of this combined modality 
can be considered for clinical use. We believe that this 
model is suitable to conduct such investigations.
Corresponding author: Jan Biert, MD, Department of Sur­
gery, University Hospital Nijmegen, PO Box 9101, 6500 
HB Nijmegen, the Netherlands.
REFERENCES
cal hyperthermia: results of a phase I trial employing hyperthermia alone or in 
combination with external beam or interstitial radiotherapy. Cancer. 1982;49:
205-216.
16. Bicher HI, Sandhu TS, Hetzel FW. Hyperthermia and radiation in combination: 
a clinical fractionation regime. Int J Radiat Oncol Biol Phys. 1980:6:867-870.
17. Overgaard J, Overgaard M. Is there a role for hyperthermia in gastrointestinal 
tract cancer? Recent Results Cancer Res. 1988;110:244-253.
18. Hiraoka M, Jo S, Dodo Y, et al. Clinical results of radiofrequency hyperthermia 
combined with radiation in the treatment of radioresistant cancers. Cancer.
1984;54:2898-2904.
19. Tur GE, Sato Y, Fukuoka T, Andoh H, Kotanagl H, Koyama K. Effect of the 
combination of hyperthermia and irradiation on human colon cancer ceils.
J Surg Oncol. 1994;56:128-131.
20. Takahashi T, Horie H, Kojima 0, Itoli M. Preoperative combined treatment with 
radiation, intraluminal hyperthermia, and 5-fluorouracll suppositories for pa­
tients with rectal cancer. Surg Today. 1993;23:1043-1048.
21. Fujimoto S, Takahashi M, Kobayashi K, et al. Combined treatment of pelvic 
exenteratlve surgery and intra-operative peivic hyperthermochemotherapy for 
locally advanced rectosigmoid cancer: report of a case. Surg Today. 1993;23: 
1094-1098.
22. Overgaard J. The current and potential role of hyperthermia in radiotherapy. 
Int J Radiat Oncol Biol Phys. 1989;16:535-549.
23. Overgaard J. Fractionated radiation and hyperthermia: experimental and clini­
cal studies. Cancer. 1981;48:1116-1123.
24. Overgaard J. Simultaneous and sequential hyperthermia and radiation treat” 
ment of an experimental tumor and Its surrounding normal tissue in vivo. Int 
J Radiat Oncol Biol Phys. 1980;6:1507-1517.
25. Mittal B, Emami B, Sapareto SA, Taylor FH, Abrath FG. Effects of sequencing 
of the total course of combined hyperthermia and radiation on the RIF-1 mu­
rine tumor. Cancer. 1984;54:2889-2897.
26. Li DJ, Qiu SL, Zhou SL, Liu HL. Acute heat Injury to the normal swine rectum. 
Int J Hyperthermia. 1988;4:191 -201.
27. Law I\IW, Ellis H. The effect of parenteral nutrition on the healing of abdominal 
wall wounds and colonic anastomoses In protein-malnourished rats. Surgery.
1990;107:449-454.
28. Shimizu T, Maeta M, Koga S. Influence of local hyperthermia on the healing of 
small Intestinal anastomoses in the rat. B rJ Surg. 1991 ;78:890.
29. Kappas AM, Papadlmltriou CS, Fatouros M, Godevenos D, Cassioumis D. His­
tologic changes in adhesiogenesis following intraperitoneal saline irrigation at 
different temperatures. Res Surg. 1990;2:148-151.
30. Winsey K, Simon RJ, Levenson SM, et al. Effect of supplemental vitamin A on 
colon anastomotic healing in rats given preoperative radiation. Am J Surg. 1987; 
153:153-156.
31. Wellwood JM, Jackson BT. The Intestinal complications of radiotherapy. Br J 
Surg. 1973;60:814-818.
32. Schrock TH, Deveney CW, Dunphy JE. Factors contributing to leakage of co­
lonic anastomoses. Ann Surg. 1973;177:513-518.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
Initial report from a Swedish muiticentre study examining the role of preop­
erative irradiation In the treatment of patients with resectable rectal carci­
noma. BrJ Surg. 1993;80:1333-1336.
Overgaard J. Effect of hyperthermia on malignant cells In vivo. Cancer. 1977; 
39:2637-2646.
Overgaard J, Nielsen OS, Lindegaard JC. Biological basis for rational design of 
clinical treatment with combined hyperthermia and radiation. In: Field SB, Fran- 
coni C, eds. Physics and Technology of Hyperthermia. Dordrecht, the Neth­
erlands: Martlnus Nljhoff Publishers; 1987:54-79.
Dewey WC, Freeman ML, Raaphorst GP, et al. Cell biology of hyperthermia 
and radiation. In: Meyn RE, Withers HR, eds. Radiation Biology in Cancer Re­
search. New York, NY: Raven Press; 1980:589-621.
Field SB, Bleehen NM. Hyperthermia in the treatment of cancer. Cancer Treat 
Rev. 1979;6:63-94.
Tubiana M. Hyperthermia. In: Tubiana M, Dutreix J, Wambersle A, eds. Intro­
duction to Radiobiology. London, England: Taylor & Francis; 1990:252-260. 
Shimizu T, Maeta M, Koga S. Influence of local hyperthermia on the healing of 
small intestinal anastomoses in the rat. BrJ Surg. 1991;78:57-59,
Weiber S, Jiborn H, Zederfeldt B. Preoperative Irradiation and colonic healing. 
Eur J Surg. 1994;160:47-51.
Hendriks TH, Mastboom WBJ, Healing of experimental intestine anastomoses: 
parameters for repair. Dis Colon Rectum. 1990;33:891-901. 
de Waard JW, Wobbes T, de Man BM, van der Linden CJ, Hendriks T. Post­
operative levamlsole may compromise early healing of experimental Intestinal 
anastomoses. Br J Cancer. 1995;72:456-460.
Wang Z, Elwood PA, Corry PM, Martinez A. Elimination of dose-rate effects by 
mild hyperthermia. Int J Radiat Oncol Biol Phys. 1992;24:965-973.
Berdov BA, Menteshashvilli GZ. Thermoradiotherapy of patients with locally 
advanced carcinoma of the rectum. Int J Hyperthermia. 1990;6:881-890. 
Korenaga D, Matsushima T, Adachi Y, et al. Preoperative hyperthermia com­
bined with chemotherapy and radiotherapy for patients with rectal carcinoma
may prevent early local pelvic recurrence. Int J Colorectal Dis. 1992:7:206- 
209.
Rau B, Löffel J, Wust P, Felix R, Rless H, Schlag PM. Preoperative radiochemo­
therapy in combination with regional hyperthermia: a new strategy in therapy of 
advanced or recurrent rectal canger. Eur J Surg Oncol. 1994;20:353. Abstract. 
Manning MR, Cetas TC, Miller RC, Oleson JR, Connor WG, Gerner EW. Clini-
Statement of Clinical licleumce in Mm#ISM WWiMftgWW wm fcfrb ton
of colorectal cancer, surgical results show
therapy is generally accepted as a method for 
an improved outcome 
ting. The search com 
ties to prevent local recurrence and 
Few clinical trials in which hyperthermia was
an a
results are promising, A 
formed in most 
performed with
anterior resection li S A
untreated limb and a
tomotic
We investigated the possible 
treatment on anastomotic
anastomoticexperiment, 
creased, there seemed to be increased local
posing a
the first days after the operation.
ARCH SURG/VOL 131, OCT 1996
1042
